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Vwxglhq}hqwuxp Jhu}hqvhh dqg Xqlyhuvlw| ri Odxvdqqh
Vhswhpehu 5333
MHO Devwudfw
Zh hvwlpdwh prqhwdu| srolf| uxohv lq Vzlw}huodqg iru 4<;404<<:1
Lq dgglwlrq wr dq lq dwlrq jds/ zh ￿qg wkdw iruzdug0orrnlqj uxohv zlwk
rxwsxw dqg h{fkdqjh udwh jdsv qlfho| ￿w prqhwdu| djjuhjdwhv dv zhoo
dv wkh fdoo udwh1 Zh vsolw wkh vdpsoh lq 4<<3 zkhq wkh Vzlvv Qdwlrqdo
Edqn uhsodfhg dqqxdo wdujhwv e| phglxp0whup wdujhwv iru lwv r!fldo
srolf| lqvwuxphqw/ wkh prqhwdu| edvh1 Zh ￿qg wkhq wkdw rxu uxoh ehvw
ghvfulehv P3 dqg P4 ehiruh 4<<3 dqg rqo| wkh fdoo udwh diwhu 4<<31
Pruhryhu/ vxfk vpdoo rshq hfrqrp| uxohv duh urexvw zlwk uhvshfw wr
gl￿huhqw fhqwudo edqn lqirupdwlrq vhwv1
MHO Frghv= H85/ H8;1
Nh|zrugv= H{fkdqjh udwh/ Prqhwdu| srolf| lqvwuxphqw/ Rxwsxw
jds/ Urexvwqhvv/ Uxoh/ Vzlw}huodqg1
￿Qlfrodv D1 FXFKH/ Xqlyhuvlw| ri Fdoliruqld/ Ghsduwphqw ri Hfrqrplfv/ 87< Hydqv
Kdoo &6;;3/ Ehunhoh| FD <7:5306;;3/ XVD/ qfxfkhChfrq1ehunhoh|1hgx/ kwws=22fxfkh1qhw1
Wklv sdshu lv d uhylvhg yhuvlrq ri Sduw L dqg LL ri p| Sk1G1 glvvhuwdwlrq dw wkh Xqlyhu0
vlw| ri Odxvdqqh dqg zdv sduwo| zulwwhq zkloh L zdv ylvlwlqj wkh Xqlyhuvlw| ri Fdoliruqld
Ehunhoh|/ zkrvh krvslwdolw| lv judwhixoo| dfnqrzohgjhg1 L wkdqn p| frpplwwhh phpehuv
Mhdq0Slhuuh Gdqwklqh/ Kduulv Ghoodv/ Loldq Plkry/ dqg Plfkho Sh|wuljqhw/ dv zhoo dv Slhuuh0
Dodlq Euxfkh}/ Pduwlq Khvv/ Odglvodv Odedk/ Jlrydqql Ohrqdugr/ Lzdq Phlhu/ dqg Mh￿uh|
Qlovhq iru frqvwuxfwlyh frpphqwv1 P| vshfldo wkdqnv jr wr Sklolssh Edffkhwwd iru klv
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4Doprvw doo sdshuv derxw lghqwl￿fdwlrq ri prqhwdu| srolf| dqg derxw uxoh hvwlpdwlrq
yluwxdoo| frqwdlq vxevwdqfh derxw wkhvh wzr frpsohphqwdu| dssurdfkhv1 Iru h{dpsoh/
yhfwru dxwruhjuhvvlrqv/ xvhg dv dq lghqwl￿fdwlrq vfkhph ri prqhwdu| vkrfnv/ h{suhvv/ lq
wkhlu uhgxfhg irup iru prqhwdu| srolf| yduldeohv/ htxdwlrqv zh pd| gh￿qh dv srolf| uxohv1
Gxh wr wkhlu frpsoh{ ixqfwlrqdo irup/ uhvhdufkhuv suhihu wr irfxv rq vlpsohu uxohv zkhuh
wkh| lqwhusuhw wkhlu uhvlgxdov dv ghyldwlrqv iurp wkh uxoh dqg qrw dv h{rjhqrxv prqhwdu|
srolf| rqo|1
5Zh gh￿qh d uxoh dv d v|vwhpdwlf ghflvlrq0pdnlqj surfhvv wkdw xvhv lqirupdwlrq lq d
frqvlvwhqw dqg suhglfwdeoh zd|1 Wkh frqfhsw ri prqhwdu| srolf| uxoh lv wkh dssolfdwlrq ri
wklv surfhvv wr wkh lpsohphqwdwlrq ri prqhwdu| srolf| e| d fhqwudo edqn +Srroh/ 4<<<,1
Wkh uxoh vshfl￿hv krz wkh fhqwudo edqn ydulhv lwv lqvwuxphqw dv d ixqfwlrq ri wkh vwdwh ri
:  ! 	
 /3  4 / 056$  056"22 

   "   !	
!  
6  !
 	!!   	
 
  
    "' 
  '  
 '  '  
    #+

 
   		 " ;! / 0<=2$   
 " 
 	
 !   #+  '
 ' "  
$   !

" 
     		 " 

! / 0552  
 / 0062$
  	
 !   "  	  ! '
'$  	    " 	"
   
   
"   
!    !   ! 	
 
!	
 !	 " 
    "  !  
  	
 		 / 

! /:===2   / 00<22
$      '  
 "  
  ! " 
    !  !
	




  	' 	   ! !

   !   
 !!!$ "   !	"

  














    	' 
   "   

3) /32 "' 

 " 
   7  $
 "'  

  	$ !
,   #+ 
 " 
! "      $  ! 
 "
 >
 !!!  	 "




   ' !  

 "'  
    	 /?"  .$  0012 
  3
	
 $    	"

 8  +	








   !

 	
wkh hfrqrp|1 Zh gr qrw glvwlqjxlvk ehwzhhq wkh frqfhswv ri uxohv dqg uhdfwlrq ixqfwlrqv1
Wklv lv jhqhudoo| dffhswhg lq wkh olwhudwxuh wkdw d uxoh frphv iurp dq rswlpdo frqwuro
h{huflvh/ zkhuhdv d uhdfwlrq ixqfwlrq lv wkh surgxfw ri hfrqrphwulfldqv1
6Uxohv duh qrw wkh vlqjoh vroxwlrq djdlqvw wkh lq dwlrqdu| eldv1 Wkh| duh riwhq sduw
ri lqvwlwxwlrqdo uhirupv frqfhuqlqj wkh rujdql}dwlrq dqg pdqdjhphqw ri wkh prqhwdu|
dxwkrulw|/ ohjlvodwlyh fkdqjhv/ dqg lqfuhdvlqj lqghshqghqfh iurp srolwlfv1
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8Lw lv qhfhvvdu| wr suhflvh wkdw wkh sdudphwhuv ri htxdwlrqv +6,0+9, duh qrw cghhs sdudp0
hwhuv* ehfdxvh wkhvh htxdwlrqv duh vshfl￿hg dqg qrw ghulyhg iurp xqghuo|lqj dvvxpswlrqv1
Lw zhdnhqv wkh uxoh lppxqlw|1 Krzhyhu/ wkh forvhg0hfrqrp| h{suhvvlrq iru wkhvh vdph
htxdwlrqv glvsod|v cghhs sdudphwhuv* dqg dyrlgv wkxv wkh fulwltxh ri Oxfdv +4<::,1
9Zh gr qrw vlpxodwh rxu uxoh zlwklq wkh vlpsoh wh{werrn prgho iru wkuhh uhdvrqv1
Iluvw/ lw lv qrw fohdu zkhwkhu wkh prgho dffxudwho| ghvfulehv wkh Vzlvv hfrqrp| zlwk lwv
sduwlfxodulwlhv1 Vhfrqg/ wkh wh{werrn prgho lv qrw deoh wr surylgh qrupdwlyh ihdwxuhv zlwk
sur￿w dqg xwlolw| ixqfwlrqv ri hfrqrplf djhqwv/ ehfdxvh wkhvh ixqfwlrqv duh rqo| sduwldoo|
plfurirxqghg lq wklv prgho1 Wklug/ vlpxodwlrqv edvhg rq uhgxfhg0irup prghov vx￿hu iurp
wkh fulwltxh ri Oxfdv +4<::,/ zklfk vwdwhv wkdw wkh sdudphwhuv xvhg wr vlpxodwh wkh gdwd
jhqhudwlqj surfhvv iru qrplqdo yduldeohv duh fdoleudwhg lq d zruog ghyrlg ri d ihhgedfn uxoh
dqg wkh| zrxog fkdqjh li d srolf| uxoh zhuh lq dfwlrq +Gxhnhu dqg Ilvfkhu +4<<7/ 4<<;,,1
:Edoo +4<<<e, frq￿upv wkh qhfhvvlw| wr irfxv rq phglxp0whup lq dwlrq lq wkh olwhudwxuh
rq uxohv iru rshq hfrqrplhv1
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;Wklv lv wkh dvvxphg vhwxs iru wkh fhqwudo edqn*v rswlpl}dwlrq h{sodlqhg lq wkh suhylrxv
vhfwlrq1 Zh pruhryhu dvvxphg wkdw wkhuh zdv qr vkrfn y1
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<Wklv dvvxpswlrq grhv qrw vhhp wrr uhvwulfwlyh iru wzr uhdvrqv1 Iluvw/ zlwk d iruhfdvwlqj
krul}rq ri d |hdu/ wkh fruuhodwlrq ehwzhhq y dqg Hw +￿w.45, lv dvvxphg dv orz1 Vhfrqg/
zh wklqn wkdw wkh xvh ri VQE gdwd +wdnhq iru h{dpsoh iurp lwv sxeolfdwlrqv, lqvwhdg ri
h{whuqdoo| iruhfdvwhg lq dwlrq +h1j1 Vyhqvvrq +4<<:,, kdv pdujlqdo h￿hfwv lq wkh uhjuhvvlrqv
zh hvwlpdwh1
43Djjuhjdwhv duh h{suhvvhg dv uhdo djjuhjdwhv lq jurzwk udwh1 Hvwlpdwlrqv shuiruphg
zlwk erwk/ qrplqdo dqg uhdo jurzwk udwhv iru wkh wkuhh djjuhjdwhv surgxfh vlplodu uhvxowv1
 6

  $ 










      / 0002  + 	 	 


  # :  6
; :  6 
* #   	 	  8 " 4@.    
@8  	 8 	 *     	  #
  W$  

 	




  	 " A  '$   ! '  
W    
'
  	
!   !  
 # 	 # ￿   8 " !
 4@.  

    





   8 "!	
 *
!   
   "    "   " 
   
 " 





  $ "! !	

 	
    B 
 #  

   	   "   
  # ￿  "   
 




   	 A +	
  ! 	   	 ;
 	$      	 !
   
'
 	  ! 
  e   	 	
     

 " . /.2 #

 " !' A     
   %  
" 
 	    	  

 	 
# # D   !+ "   # 	$     
#  	 
  00C /￿c{￿bbe2  :   00C /2c￿bbe<2 ;

$ e
  	 	 "   	
 4@.   
"  '    '
	!   	

	 / ?H  E / 00<22  	    
!    3 

 




 4@.   
 "  !	 

     '
  





   
  !
!44c45
 +  	  
 #  ' !  
 
_6   @$ ￿r   F$  @,,    
 +




 "  ; 		 
	   
      
7 
 	  ! 	$ !
  	'  +
	!
  * 	  
  8  !	
,  	 % !      
	 	 
   > 	  8 !	

A!	
    9   	




 *  !	  






       !







A   ! % / =2    '# 4  
!
 '"
 ! !  3) !  |*  +     
!  " 
 9 $ 




 !$  
 +  	 
 !  










   

  / ! 2  	
 !$
44Zkloh frpsxwlqj {h/ lw lv zruwk phqwlrqlqj wkdw zh gr qrw uh0rswlpl}h wkh frh!flhqwv
ri wkh Ndopdq ￿owhu diwhu hdfk qhz txduwhuo| revhuydwlrq1 Zh dvvxph wkdw wkh VQE xvhv
d rqfh0dqg0iru0doo fdoleudwhg ￿owhu1
45Khuh lv dq h{dpsoh wr looxvwudwh wklv gl￿huhqfh1 Lq rughu wr hvwlpdwh {h iru Mdqxdu|/
Iheuxdu|/ dqg Pdufk/ zh xvh uhodwhg vhulhv wkdw suhvxpdeo| frpryh zlwk prqwko| JGS1
Dffruglqjo|/ zh surgxfh hdfk prqwk d prqwko| hvwlpdwh1 Dw wkh hqg ri Mxqh iru h{dpsoh/
zkhq wkh fruuhvsrqglqj txduwhuo| ydoxh lv nqrzq/ wkhvh wkuhh qrq0fruuhfwhg hvwlpdwhv duh
fdoleudwhg lq rughu wr pdwfk wkh txduwhuo| revhuydwlrq1 Wkh| qrz vxp wr lw1 Zh xvh wkhp
wr fdofxodwh wkh jdsv {4 wr {81
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46Iru doo wkh uhsruwhg uhjuhvvlrqv/ edvhg rq Kdqvhq +4<;5,0M0vwdwlvwlf zh fdqqrw uhmhfw
wkh qxoo k|srwkhvlv wkdw ryhulghqwli|lqj uhvwulfwlrqv duh vdwlv￿hg dw wkh 8( vljql￿fdqfh
ohyho1
47Jrrgqhvv ri ￿w lv htxlydohqw wr wkh plqlpl}hg vxp ri vtxduhg ghyldwlrqv % wkdw duh
htxdo wr y dqg h{shfwdwlrqv huuruv1
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48Uhvxowv xvlqj ROV hvwlpdwruv lq wklv vhwxs/ zlwk dqg zlwkrxw rxwsxw jds/ duh qrw
uhsruwhg dv zhoo1 Wkhvh uhvxowv duh plvohdglqjo| jrrg1 D vlpsoh uhjuhvvlrq ehwzhhq wkh
fdoo udwh ru P4 dqg wkh rqh0|hdu dkhdg lq dwlrq udwh hdvlo| jlyhv vljql￿fdqw frh!flhqwv1
Krzhyhu/ wkh| gr qrw fruuhvsrqg dq| pruh wr rxu vshfl￿hg prgho1 Lw vd|v/ dqg lw lv txlwh
lpsodxvleoh/ wkdw wkh rqh0|hdu dkhdg revhuyhg lq dwlrq udwh htxdov wkh fxuuhqw h{shfwhg
lq dwlrq udwh1 Pruhryhu/ wkhvh qdlyh uhjuhvvlrqv gr qrw vroyh wkh lghqwl￿fdwlrq sureohp
zkhq hvwlpdwlqj uhdfwlrq ixqfwlrqv1 Wkh xvh ri lqvwuxphqwdo yduldeohv 0 ru rxu dvvxpswlrqv
lq wkh h{shulphqwdo hvwlpdwlrq 0 dyrlgv wklv flufxodulw| sureohp/ zkhuh wkh h{sodqdwru|
yduldeohv frxog vljql￿fdqwo| uhvsrqg wr fkdqjhv lq VQE srolf|1 Wkh vlpxowdqhlw| ehwzhhq
wkh lqvwuxphqwv ri prqhwdu| srolf| dqg wkh wdujhwv dw zklfk wkh| duh gluhfwhg kdv wr eh
frqvlghuhg zkloh hvwlpdwlqj srolf| uxohv1 Vhh Eodfn +4<;6, iru pruh ghwdlov dqg Srroh
+4<<<, iru d vkruw h{sodqdwlrq1
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49Lq wklv ghvfulswlyh vhwxs/ lpsolhg lq dwlrq wdujhw ￿￿ lv d vlqjoh ydoxh iru wkh frqvlghuhg
vdpsoh1 Lpsolhg srolf| lqvwuxphqw wdujhw z￿
w lv d prqwko| vhulhv1
4:Zh dvvxph d qrplqdo lqwhuhvw udwh ri 61;( ehlqj wkh phdq ri wkh rqh0prqwk Hxurpdu0
nhw lqwhuhvw udwh1 Ehiruh 4<<3 zh xvh 6( dqg diwhu 4<<3 71;(1 Wr uhwulhyh lq dwlrq udwh
wdujhwv zlwk djjuhjdwh lqvwuxphqwv/ zh xvh dyhudjh jurzwk udwhv1 Iru wkh zkroh vdpsoh/
ehiruh/ dqg diwhu 4<<3/ wkhvh ydoxhv duh iru wkh ghsrvlwv 51<3/ 7193/ 4133/ iru P3 03153/
31;3/ 04173/ dqg iru P4 03173/ 04143/ 3163(1
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4;Zh gr qrw frqvlghu dowhuqdwlyh Wd|oru uxohv hvwlpdwhg hlwkhu zlwk lqvwuxphqwdo ydul0
deohv ru zlwk dgglwlrqdo yduldeohv lq rughu wr hvwlpdwh wkh lq dwlrq dqg rxwsxw hodvwlflwlhv1
Vhh PfFdooxp +4<<<, iru d vxuyh|1
4<Vhh wkh vxuyh| sdshu ri Nr}lfnl +4<<<, derxw wkh xvhixoqhvv ri wudglwlrqdo Wd|oru
uxohv1 Lw vwuhqjwkhqv erwk rxu iruzdug0orrnlqj dvvxpswlrq dqg rxu uhfrpphqgdwlrq wr
xvh ihhgedfn uxohv dv dq lqirupdwlyh dqg ghvfulswlyh ghylfh rqo|1
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Ehiruh 4<<3 ;4=340;<=45
￿￿ DU+4, ME DGI
￿ 6159 4193 31<9- :165-- 041:6
{4 03178 514< 31;;- 719: 03186
{5 0315; 5133 31;4- 48194- 051<<--
{6 31<< 4177 319:- 41<3 05133
{7 0313< 4149 3179- 5143 051:;
{8 03178 514< 31;;- 719: 03186
{h 31<3 41:8 31:4- 614; 05153
vgp 06158 51:3 31<4- 4918;- 0517<
vxv 4717; 4<15: 31<;- 8169 04185
vdoo 31;5 61:9 31<7- 81:: 051:7
fu 6139 41:; 31:5- <188- 04164
jlur 7195 <1;: 31<;- 6:1;8- 0317<
P3 31;4 6169 31<4- <1;4-- 04159
P4 0413: 81;; 31<7- 3187 041<4
Wdeoh 4 Frqwlqxhg
Diwhu 4<<3 <3=340<:=45
￿￿ DU+4, ME DGI
￿ 51<; 41:9 31<;- <165- 04145
{4 317< 6146 31<5- :14<-- 031<8
{5 3165 415; 318<- 6178 041:<
{6 05138 5178 31;9- 5516:- 05155
{7 3143 31<; 3166- 31:3 05143
{8 417< 5167 31;9- 441;:-- 04195
{h 06157 61<5 31<6- 819; 041:6
vgp 4158 6165 31<6- 31<8 05186
vxv 046194 :157 31<6- 818< 051:6
vdoo 03194 7187 31<7- 7199 051:6
fu 71:< 5199 31<;- ;159-- 03185
jlur 31<8 431<; 31<;- 6179 03196
P3 0416: 61<5 31<9- 6194 03195
P4 3164 919: 31<8- 813: 0413;
Qrwh= Doo yduldeohv lq dqqxdol}hg shufhqwdjh1 ￿ @ Lq dwlrq udwh> { @ Rxwsxw
jds gh￿qlwlrqv> vgp @ Uhdo h{fkdqjh udwh jds +GP,> vxv @ Uhdo h{fkdqjh udwh
jds +XV’,> vdoo @ Wudgh0zhljkwhg uhdo h{fkdqjh udwh jds> fu @ Fdoo udwh> jlur
@ Jurzwk udwh ri vljkw ghsrvlwv ri frpphufldo edqnv> P3 @ P3 jurzwk udwh>
P4 @ P4 jurzwk udwh> ￿ @ Phdq> ￿ @ Vwdqgdug ghyldwlrq> DU+4, @ Iluvw0rughu
dxwruhjuhvvlyh frh!flhqw> ME @ Mdutxh0Ehud whvw> DGI @ Dxjphqwhg Glfnh|0Ixoohu
whvw1 Qxoo k|srwkhvhv= l, ￿uvw0rughu DU frh!flhqw whvw/ K3= DU0frh!flhqw @ 3>l l ,
ME whvw/ K3= qrupdo glvwulexwlrq> lll, DGI whvw/ K3= xqlw urrw1 Uhmhfwlrq ri wkh
qxoo k|srwkhvlv dw wkh 4( vljql￿fdqfh ohyho +-, dqg dw wkh 8( vljql￿fdqfh ohyho +--,1
Vrxufh= Gdwdvwuhdp/ Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv/ dqg VQE1
Wdeoh 5= Ghvfulswlyh Uxoh Hvwlpdwlrq
Zkroh Vdpsoh ;4=340<:=45
Prgho ￿￿￿￿ ￿ ￿ ￿
4 fu {4 5189- 317:-- 3179- 0 31;7- 519
5 fu {4 vgp 5159- 31:4- 318:- 3169- 31:4- 514
6 fu {8 4189- 31:8- 3166-- 0 31;;- 51<
7 fu {8 vgp 41<3- 31:8- 317<- 316:- 31;6- 518
8 jlur {4 vgp <157- 041;5-- 05143- 031<<- 31;:- 617
9 jlur {8 vgp 47194- 061;3- 04138 0414;- 31;;- 614
: P3 {4 61<8-- 04175- 04146- 0 31;7- 51<
; P3 {4 vgp 513:- 0413:- 03185- 03195- 3168- 514
< P3 {8 8198- 0513:- 04138- 0 31;3- 51;
43 P3 {8 vgp 614;- 04178- 0318:- 03189- 3174- 516
44 P4 {4 9145- 041<<- 031<5- 0 31:8- 615
45 P4 {8 :165- 05168- 031:7- 0 31::- 615
Ehiruh 4<<3 ;4=340;<=45
Prgho ￿￿￿￿ ￿ ￿ ￿
: P3 {4 :137- 05144- 0319;- 0 3195- 51<
< P3 {8 :137- 05144- 0319;- 0 3195- 51<
44 P4 {4 <169- 041<;-- 04189- 0 31<3- 815
45 P4 {8 <169- 041<;-- 04189- 0 31<3- 815
Diwhu 4<<3 <3=340<:=45
Prgho ￿￿￿￿ ￿ ￿ ￿
5 fu {4 vgp 51:3- 31:8- 3176- 313;- 3186- 51;
46 fu {4 vxv 51;<- 31<4- 317;- 3135- 3177- 514
47 fu {4 vdoo 613;- 319:- 3186- 3136- 3177- 518
Qrwh= Prgho @ Prgho qxpehu/ h{sodlqhg srolf| lqvwuxphqw/ fkrvhq rxwsxw jds {/
dqg fkrvhq h{fkdqjh udwh jds v> vgp @ Uhdo h{fkdqjh udwh jds +GP,> vxv @ Uhdo
h{fkdqjh udwh jds +XV’,> vdoo @ Wudgh0zhljkwhg uhdo h{fkdqjh udwh jds> fu @ Fdoo
udwh> jlur @ Jurzwk udwh ri vljkw ghsrvlwv ri frpphufldo edqnv> P3 @ P3 jurzwk
udwh> P4 @ P4 jurzwk udwh1 Uhmhfwlrq ri wkh qxoo k|srwkhvlv ri d }hur frh!flhqw
dw wkh 4( vljql￿fdqfh ohyho +-, dqg dw wkh 8( vljql￿fdqfh ohyho +--,1
Wdeoh 6= Ryhuylhz Ghvfulswlyh Hvwlpdwlrq
Ehvw Frpelqdwlrqv
Zkroh Vdpsoh Ehiruh 4<<3 Diwhu 4<<3
4 fu {4 31<4 : P3 {4 31;7 5 fu {4 vgp 31<8
5 fu {4 vgp 31;< < P3 {8 31;7 46 fu {4 vxv 31<7
6 fu {8 31<4 44 P4 {4 31;8 47 fu {4 vdoo 31<8
7 fu {8 vgp 31<3 45 P4 {8 31;8
8 jlur {4 vgp 31<8
9 jlur {8 vgp 31;6
: P3 {4 31;;
; P3 {4 vgp 31;4
< P3 {8 31;;
43 P3 {8 vgp 31;6
44 P4 {4 31:8
45 P4 {8 31;<
Qrwh= Iru hdfk uhjuhvvlrq/ zh uhsruw wkh prgho qxpehu/ wkh fkrvhq srolf| lqvwux0
phqw/ dqg wkh fkrvhq rxwsxw jds1 Zkhq wkh h{fkdqjh udwh jds dsshduv/ zh phqwlrq
lw1 Lq dwlrq udwh lv xvhg lq hdfk uhjuhvvlrq1 Vhfrqg froxpq lv d phdvxuh ri jrrgqhvv
ri ￿w +U5, iru wkh hvwlpdwhg htxdwlrq1 { @ Rxwsxw jds gh￿qlwlrqv> vgp @ Uhdo h{0
fkdqjh udwh jds +GP,> vxv @ Uhdo h{fkdqjh udwh jds +XV’,> vdoo @ Wudgh0zhljkwhg
uhdo h{fkdqjh udwh jds> fu @ Fdoo udwh> jlur @ Jurzwk udwh ri vljkw ghsrvlwv ri
frpphufldo edqnv> P3 @ P3 jurzwk udwh> P4 @ P4 jurzwk udwh1
Wdeoh 7= H{shulphqwdo Uxoh Hvwlpdwlrq
Diwhu 4<<3 <3=340<9=45
Prgho ￿ z￿￿￿ ￿
48 fu {h vgp 8144- 31:7- 317:- 3156- 31:4-
49 jlur {h vgp 04135 05197- 041:9- 0316<-- 319<-
4: P3 {h vgp 05196-- 031:7 031:4- 03147 3194-
4; P4 {h vgp 03168 05136- 0414:- 03155 3189-
Qrwh= Prgho @ Prgho qxpehu/ h{sodlqhg srolf| lqvwuxphqw/ fkrvhq rxwsxw jds {/
dqg fkrvhq h{fkdqjh udwh jds v> vgp @ Uhdo h{fkdqjh udwh jds +GP,> fu @ Fdoo
udwh> jlur @ Jurzwk udwh ri vljkw ghsrvlwv ri frpphufldo edqnv> P3 @ P3 jurzwk
udwh> P4 @ P4 jurzwk udwh1 Uhmhfwlrq ri wkh qxoo k|srwkhvlv ri d }hur frh!flhqw
dw wkh 4( vljql￿fdqfh ohyho +-, dqg dw wkh 8( vljql￿fdqfh ohyho +--,1
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Qrwh= P3 dqg wdujhwv lq plr FKI1 Gdvkhg olqhv uhsuhvhqw phglxp0whup wdujhw
sdwkv iru wkh ￿uvw dqg wkh vhfrqg sduw ri wkh qlqhwlhv1 Wkh| kdyh wkh vdph vorsh
dqg gl￿huhqw lqwhufhswv1 Erwk sdwkv duh prwlydwhg e| wkh txdqwlw| wkhru| dqg dlp
dw nhhslqj sulfhv vwdeoh lq wkh phglxp0whup dqg doorzlqj wkh hfrqrp| wr pdnh ixoo
xvh ri lwv surgxfwlrq srwhqwldo1
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GDP and Trend e
Qrwh= Prqwko| JGS dqg wuhqg lq plr FKI1 JGS @ Jurvv grphvwlf surgxfw +vrolg
olqh,> Wuhqg +gdvkhg olqh,1 Wuhqg4 @ Olqhdu wuhqg 4<;404<<:> Wuhqg5 @ Wzr0vhfwru
olqhdu wuhqg ehiruh dqg diwhu 4<<3> Wuhqg6 @ Olqhdu wuhqg zlwk dgmxvwphqw lq hdfk
shulrg> Wuhqg7 @ KS wuhqg> Wuhqg8 @ Wuhqg4 ehiruh 4<<7 dqg Wuhqg5 diwhu 4<<71
Wuhqg h @ Wuhqg xvhg iru h{shulphqwdwlrq1 Vrxufh= Fxfkh dqg Khvv +4<<<,1
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Gap Trend e
Qrwh= Hdfk jds +lq shufhqwdjh iurp wuhqg, fruuhvsrqgv wr wkh wuhqg zlwk wkh vdph
qxpehu dv lq ￿jxuh 51 Vrxufh= Fxfkh dqg Khvv +4<<<,1
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Call Rate and Model #14
+f,
Qrwh= Doo yduldeohv lq shufhqwdjh1 Revhuyhg lqvwuxphqw +vrolg olqh,> lpsolhg wdujhw
+gdvkhg olqh,1 +d, @ Zkroh vdpsoh> +e, @ Ehiruh 4<<3> +f, @ Diwhu 4<<31
'